M ost lesions identified within the thyroid gland in children are benign nodules of follicular cell origin or, rarely, differentiated thyroid cancers. Ectopic intrathyroidal thymic tissue is a benign lesion of nonthyroid origin that is unique to the pediatric population and generally requires no treatment. Despite its characteristic sonographic appearance, it may not be recognized by those who are not specialists in pediatric thyroid sonography. The sonographic appearance of intrathyroidal thymic tissue can overlap with that of a thyroid nodule, with characteristics suspicious for malignancy, and misdiagnosis has resulted in children undergoing thyroid surgery for suspected malignancy that proved to be benign thymic tissue on surgical pathologic analysis. [1] [2] [3] [4] [5] [6] [7] [8] Accurate evaluation of these patients is critical to avoid such unnecessary surgery.
Here we report our experience in the evaluation of 12 children referred to our center for suspected thyroid nodules but found instead to have benign ectopic intrathyroidal thymic tissue. In addition, we provide a systematic review of the literature to analyze both the utility and the practical challenges of sonography and cytologic analysis in the identification of benign intrathyroidal thymic tissue. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] We discuss the imaging and cytologic findings of this lesion and review the differential diagnosis.
Patients and Methods
From a retrospective review of a sonographic reporting system, we identified all patients younger than 18 years who were referred between 2009 to 2016 for evaluation of a thyroid nodule and had an intrathyroidal thymus diagnosed or suspected on the sonographic report. All patients were assessed according to a previously published standard diagnostic algorithm 19 that adheres to the American Thyroid Association consensus guidelines. 20, 21 Neck sonography was performed with a 10-15-or 12-18-MHz linear transducer (LOGIQ E9; GE Healthcare, Milwaukee, WI). All fine-needle aspirations (FNAs) were performed with ultrasound guidance. Patients received preprocedure topical cream anesthesia. Biopsy sites were cleansed with alcohol and injected with subcutaneous 1% lidocaine before aspiration. For each nodule, 4 to 6 aspirates were collected with 1.5-in, 25-gauge needles attached to 5-mL syringes and pooled in CytoLyt solution (Hologic, Inc, Marlborough, MA) for preparation using the ThinPrep method. 19 In select cases, a paraffin-embedded cell block was also prepared by centrifuging the remaining sample, clotting the sediment with a few drops each of plasma and thrombin, and fixing the clot in formalin. An additional 1 or 2 aspirates were suspended in Roswell Park Memorial Institute medium or Hank's balanced salt solution for flow cytometric analysis. For each case, patient characteristics, including age, sex, sonographic indications, and laboratory results, were recorded. Images were retrospectively reviewed by 2 of the authors, each with greater than 25 years of experience in sonography. Findings recorded for each thyroid lesion were size, shape, location in the gland, relationship with the surface of the gland, sonographic appearance, and comparison with the eutopic thymus if images were available. Serum thyrotropin was measured in all children.
We also conducted a review of the literature for studies discussing the findings of thymic tissue within the thyroid gland in children, including those from a PubMed search using the key words "thymus," "thymic," "thyroid," and "intrathyroidal" for patients 18 years and younger and a study of incidental findings in the pediatric thyroid.
This research was approved by the Institutional Review Board. Informed consent was waived because of the retrospective design of the study.
Results

Case Series Summary
Twelve children referred to our center for the evaluation of suspected thyroid nodules had a diagnosis of intrathyroidal thymic tissue on the basis of the sonographic appearance (Table 1) . Their mean age at presentation was 5.4 years (range, 1.5-13 years). Four patients were referred for an abnormal finding on neck or chest computed tomography (CT), 7 for an abnormal finding on sonography at an outside hospital, and 1 for an abnormal plain radiograph of the neck. In each case, the finding was suspected to be a discrete thyroid nodule possibly warranting biopsy. All patients were euthyroid at presentation. Ten patients had a single lesion, and 2 patients had bilateral lesions, for a total of 14 lesions. The average lesion size (largest diameter) at presentation was 10.2 mm (range, 5 to 27 mm), with most measuring less than 10 mm. Eight lesions were on the right and 6 on the left. Most (11 of 15 [73.3%]) were located in the midportion of the thyroid lobe. Half of the cases (7 of 14) abutted the surface of the gland; the remaining half were centrally located and did not touch the surface. In all cases, the lesion was hypoechoic with sharp margins and multiple focal internal nonshadowing echogenicities, which matched the sonographic appearance of the normal eutopic thymus in the 7 patients in whom thymic tissue was imaged at the time of the examination. Margins were angular (n 5 7) or oval (n 5 7; Figures 1 and 2). All patients had benign-appearing cervical lymph nodes on sonography. In the 2 patients who underwent ultrasound-guided FNA of the intrathyroidal thymic tissue, cytologic analysis showed benign-appearing lymphocytes ( Figure 3 , A and B). Flow cytometric analysis in each patient showed T cells with variable surface CD3 expression, with subpopulations of cells positive for CD4 and CD8, positive for CD4 alone, positive for CD8 alone, and negative for CD4 and CD8 ( Figure 3 , C-E). Sonographic follow-up was available in 8 of 12 patients, with a time frame of 2 months to 5 years. Lesions resolved or shrank after 5 years in 1 patient with bilateral lesions and remained stable in the others.
Literature Review
Results of our systemic literature review are shown in Table 2 . Eighteen articles were published between 1997 and 2015 describing the sonographic finding of intrathyroidal thymic tissue in children referred for suspected thyroid neoplasia. Collectively, these reports described 59 children, who presented at a mean age of 6.6 years (range, 1-16 years) with a mean lesion size (largest diameter) of 9 mm (range, 3-25 mm). There were slightly more male patients previously reported than in our series (26 female and 32 male), and foci of the ectopic thymus occurred more often in the left thyroid lobe in this group. Fine-needle aspiration was performed 
Discussion
The primary goal of this article is to report our experience in the evaluation of intrathyroidal ectopic thymic tissue and to review the diagnostic tools available to identify this benign condition. Over a 7-year period, 12 children referred to our center for suspected nodules were found instead to have intrathyroidal thymic tissue. Most had small lesions of less than 1 cm and a classic sonographic appearance of a hypoechoic lesion with sharp margins and multiple focal internal nonshadowing echogenicities that was sonographically identical to the eutopic thymus, similar to reports by other institutions. 8, 12, 13, 15, 17, 18 However, despite the characteristic sonographic appearance of these lesions, they were not recognized as thymic tissue in any of the cases referred to us, and our team was asked to assess the patients for thyroid nodular disease and to exclude possible thyroid cancer. Two children in our series underwent ultrasound-guided FNA of 3 lesions because of a large lesion size or the parental desire for diagnostic confirmation. These biopsies documented cytologic and flow cytometric features of benign thymic tissue, which allowed us to avoid unnecessary surgery.
In our review of the pediatric literature, 59 cases of ectopic thymic tissue mimicking thyroid nodules or neoplasia on sonography have been previously published. This total is a relatively small number of cases, and intrathyroidal thymic tissue has generally been presented as a rare entity. 2, 4, 9 However, one histopathologic analysis of infant autopsies reported intrathyroidal inclusions of thymic tissue in 9 (2.6%) of 350 consecutive patients. 22 There was no association between the presence of an intrathyroidal thymus and other abnormalities at autopsy, and the authors hypothesized that it may be a common variant of normal anatomy. This hypothesis was supported by the publication of ultrasound screening data from the Fukushima Health Management Survey. 23 In this large prospective study, baseline sonograms of 37,816 children who lived in Fukushima Prefecture at the time of the Daiichi nuclear incident showed ectopic intrathyroidal thymic tissue in 375 (1%) of the participants. Two related large studies found rates of 2% to 5%. 24, 25 Although these studies were limited to the sonographic appearance (without biopsy or histopathologic correlation), they strongly suggest that intrathyroidal thymic tissue is a common variant that will be detected more often as neck sonography is used more frequently for the evaluation of possible thyroid nodules in children. 19, 22 This suggestion justifies an assessment and discussion of the diagnostic tools commonly used to identify benign intrathyroidal thymic tissue. Although early reports of intrathyroidal thymic tissue recommended diagnostic lobectomy, there is a consensus in the recent literature that avoidance of surgery is the optimal goal. Despite this consensus, thyroid surgery was performed in 10 (16.9%) of the 59 children described in the pediatric literature, and half (n 5 5) of these operations were from reports published after 2011. This finding implies that nonsurgical tests to identify benign intrathyroidal thymic tissue may currently be underused or misinterpreted. Supporting this possibility, 3 of the children who underwent surgery for benign intrathyroidal thymic tissue had no preoperative biopsies 3, 7, 8 ; 2 others had surgery after their biopsies were described as "inadequate" 5 or "failed"
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; and 2 more had surgery because their biopsies were misinterpreted as abnormal (1 as suspicious for medullary thyroid cancer 1 and 1 as suspicious for a T-cell lymphoid neoplasm 2 . An additional 2-year-old patient underwent thyroid lobectomy despite preoperative cytologic findings that supported the diagnosis of benign lymphoid/thymic tissue, 6 indicating that uncertainty exists among providers around the interpretation of even benign cytologic findings.
The diagnostic evaluation of intrathyroidal thymic tissue can be aided by considering the differential diagnosis of its sonographic and cytologic findings and the normal ontogeny of thymus development and involution. Sonography is recommended as the reference standard to confirm the presence of thyroid nodules. 21 Accordingly, as did the children described in this series, many patients with intrathyroidal thymic tissue will present with a sonographically discrete mass. Because the echo texture of benign thymic tissue is hypoechoic with punctate echogenicities (which correlate with connective tissue septa and blood vessels), 26 an intrathyroidal thymus might be misclassified as a high risk for malignancy if the echogenicities are mistaken for microcalcifications. 20 Comparison to the normal thymus on sonography is a critical and extremely useful component of the evaluation. As seen in our series, an intrathyroidal thymus has well-defined lesion margins and central punctate echogenicities that are nonshadowing and do not extend into the surrounding thyroid or appear in abnormal cervical nodes. Awareness among radiologists that an intrathyroidal thymus is a developmental variant is key for accurate identification to avoid false concerns of primary thyroid neoplasia or other thyroid nodules. Of note, because the prevalence of true thyroid nodules increases with age, 19 and normal thymic tissue (and presumably an intrathyroidal thymus) spontaneously involutes in later childhood, 27, 28 there is limited overlap between an intrathyroidal thymus and thyroid malignancy. In particular, the very high prevalence (1.7%) of a sonographically detected intrathyroidal thymus reported in the youngest group (0-4 years) studied in the Fukushima Health Management Survey 23 corresponds to an age when thyroid neoplasia is exceedingly rare.
Our experience adds to the observation of prior studies that benign intrathyroidal thymic tissue typically presents as a subcentimeter mass that falls below the standard size threshold for biopsy of suspected thyroid nodules. 19, 21 On the basis of this observation, we propose a simple diagnostic algorithm that avoids complex testing in most children (Figure 4) . Patients who present with thyroid lesions with definitive sonographic features of a benign thymus based on comparison to the eutopic thymus can forgo biopsy. Ultrasound-guided FNA should be considered if the sonographic features are indeterminate (poorly defined margins or an echo texture that is not identical to the eutopic thymus) or if there is a mixed echo texture suggesting the possibility of a coexisting nodule 4, 9 and the lesions are large (>1 cm). When reviewed by an experienced cytopathologist, needle aspiration cytologic analysis categorized according to the Bethesda Thyroid Cytopathology Reporting System 29 can diagnose or rule out thyroid cancer with high accuracy.
19-21 Thus, we strongly recommend aspiration before any consideration of diagnostic lobectomy, which carries the obligate risk of surgical complications 30 and up to a 20% risk of postoperative hypothyroidism. 31 Repeated aspiration should be offered if initial cytologic findings are inadequate, as repeated biopsies are usually diagnostic. 19, 32 The cytologic appearance of an ectopic intrathyroidal thymus shows benign-appearing lymphocytes, usually with a minimal or no epithelial cell component. The broad differential diagnosis for an intrathyroidal mass that is enriched in lymphocytes also includes acute leukemia, thymic carcinoma, carcinoma showing thymuslike differentiation, spindle cell tumors with thymus-like differentiation, and thymoma. These malignancies are extremely rare in the pediatric age group, and in most cases, benign lymphocyte morphologic characteristics will provide reassurance. Flow cytometry of benign thymic tissue will show a specific pattern of CD4 and CD8 expression typical of maturing thymic tissue, with subpopulations of cells positive for CD4 and CD8, positive for CD4 alone, positive for CD8 alone, and negative for CD4 and CD8. 33, 34 The combination of normal thymic cytologic and flow cytometric findings effectively rules out all major concerns of cancer 35, 36 and, in our opinion, should obviate the need for surgery in children who present with intrathyoidal thymic tissue.
In conclusion, an intrathyroidal thymus is an uncommon lesion of the thyroid, which may not be recognized by all those who perform pediatric thyroid sonography. If an intrathyroid lesion has sharp margins and an echo texture that matches the thymus, with no abnormal echogenicities in the surrounding thyroid and no abnormal lymph nodes, it can be left alone, with annual sonographic follow-up. If the diagnosis is uncertain based on the sonographic features in a lesion that measures greater than 1 cm in maximum diameter, ultrasound-guided FNA can be considered for confirmation of intrathyroidal thymic tissue. With the combination of characteristic sonographic features and characteristic cytologic findings for intrathyroid thymic tissue, it should be possible to avoid surgical interventions in these patients.
